Objective. HIV-infected children develop severe bacterial infections. We set out to determine the enteric bacterial pathogens in HIV-infected children and HIV-negative controls with acute diarrhea and their antimicrobial sensitivities. Methods. Children below 5 years of age with acute diarrhea were screened for HIV and their stools were analyzed by culture and use of antisera and the sensitivities of the pathogens were determined using the Kirby Bauer disc diffusion method. Results. Of the 190 children, 47 were HIV positive. The prevalence rates of the pathogens in HIV-infected and -uninfected children were 19% (9/47) and 27% (38/143), respectively; odds ratio ¼ 0.64 (95% confidence interval 0.20-1.97), P value .396. The pathogens in HIV-infected and -uninfected children were Escherichia coli, Salmonella, and Shigella species. Most isolates were resistant to cotrimoxazole. Conclusions. Escherichia coli, Salmonella, and Shigella species significantly cause acute diarrhea in HIV-infected and -uninfected children and they are highly resistant to cotrimoxazole.
Introduction
Diarrheal diseases are a leading cause of morbidity and mortality among children in developing countries. Isolation and characterization of the etiological agents of diarrhea is important in developing rational therapy and in implementing control measures. 1 Diarrhea is a major complication of HIV infection, and it is said that a thorough evaluation will reveal a pathogen in the majority of patients. 2 Bacterial infections in HIV-infected children tend to be very severe. 3 It is therefore important to know the contribution of bacterial pathogens to the causation of diarrhea in HIV-infected children. Antimicrobials are not routinely used in the treatment of acute diarrhea. They are of benefit to patients with dysentery, cholera, and in patients with persistent diarrhea, where stool culture yields an organism in which case an oral antimicrobial to which that agent is sensitive is given. 1 Furthermore, therapy for diarrhea with antimicrobial or antiprotozoal agents without knowledge of the etiology of the diarrhea (blind therapy) is not only ineffective but is also dangerous because it may make the diarrhea worse. 1 Therefore, it is not enough to know the enteric bacterial pathogens that cause acute diarrhea in HIV-infected children but also the antimicrobial sensitivities of these pathogens.
We set out to investigate the enteric bacterial pathogens in HIV-infected children and HIV-negative controls, with acute diarrhea as well as the antimicrobial sensitivity patterns of these pathogens. Laboratory diagnostic facilities, such as culture and sensitivity, are not widely available in developing countries; hence, the results of this study were intended to act as a guide.
Methods

Study Setting and Study Participants
The study was carried out in the Acute Care Unit (ACU) of Mulago hospital, which is the national referral and teaching hospital for Makerere University, Kampala. The hospital's ACU is the emergency ward where children are attended to and observed for 1 day before they are transferred to the general pediatric wards if they still require admission or are discharged if they have improved.
Mulago Hospital is situated 3 kilometers north of Kampala, the capital city of Uganda. The study participants were 190 children aged 3 to 59 months who presented to the ACU of Mulago Hospital in a 6-month period, with acute diarrhea and whose caretakers gave informed consent for the study including HIV testing. In all, 95 children were well nourished and 95 were severely malnourished, as determined by the WHO 1999 classification of malnutrition 4 ; 58.9% (56/95) of the children in each category (well nourished and severely malnourished) were male.
In this analysis, the HIV-negative children were the controls for the HIV-infected children. The study was carried out in children below 5 years because it is the age group that has the highest morbidity and mortality rates due to diarrhea, 1 but the neonates were excluded because of their different physiology from older children.
Enrollment
The enrollment of the children was by consecutive method over a 6-month period. All recruited children underwent physical examination, including anthropometry, after a clinical history had been obtained. Any necessary resuscitation was provided.
The children then had a stool sample taken off in stool containers for analysis, and where the child could not pass stool voluntarily, a rectal swab was taken. Blood was also taken off for HIV screening after pretest counseling by a trained counselor.
The stool samples were carried to the laboratory within 1 hour of collection. Three milliliters of blood was obtained and put in sequetrene containers and transported to the laboratory within 24 hours of collection.
Stool Culture
The stool specimens on arrival at the laboratory were cultured for 18 to 24 hours on the following media at 37 C: Mackonkey Agar with crystal violet for gramnegative organisms including Aeromonas hydrophila and Plesiomonas shigelloides; and XLD agar for Salmonella and Shigella subspecies. For the isolation of Salmonella and Shigella, part of the stool specimen was enriched in Selenite F broth and then incubated at 42 C for 18 to 48 hours. Other media used included the following: Yersinia YCN selective agar for the isolation of Yersinia enterocolitica and Sorbitol-Mackonkey for the isolation of enterohe-
Incubation of the all plates was at 35 C to 37 C for 18 to 24 hours after which they were examined for typical growth of colonies of the suspected microorganisms. The reading and evaluation of the cultures was the done as follows:
Escherichia coli. On MacConkey plates, rose red colonies (due to fermenting of lactose) were identified as suspected E coli strains and these were subjected to Indol, Methyl Red, Voges-Proskauer and Citrate (Simmons) tests as per standard procedures. 5 Five representative colonies were pooled and tested by slide agglutination with polyvalent E coli O: K antisera. Where a pool agglutinated, individual colonies were then tested for agglutination in E coli monovalent O: K antisera, of which the polyvalent antiserum was made.
The pools contained antisera to 22 E coli O: K serotypes, namely:
Pool I, serogoups O26: K60, O44: K74, O114: K90, O125: K70, O142: K86, O158: K-. Pool II, serotypes O91: K-, O55: K 59, O86: K 61, O111: K58, O119: K69, O128: K67. Pool III, serotypes O25: K11, O78: K80, O103: K-, O118: K-, O124: K72, O145: K-, O157: K-, O164: K-.
The 3 polycoli antisera contain the most commonly isolated pathogenic E coli strains, that is, enterotoxigenic E coli (ETEC), enteropathogenic E coli (EPEC), enteroinvasive E coli (EIEC), EHEC, and partly enteroaggregative E coli (Eagg E coli).
EHEC O157: H7 and EHEC O157: H-. On the Sorbitol Mackonkey agar, colonies appearing colorless indicating they were nonfermenters of sorbitol were taken as suspected EHEC O157:H7 and EHEC O157: H-. They were further agglutinated in O157:H7 and O157: H-antisera for confirmation after biochemical tests had confirmed that it is E coli.
Salmonella and Shigella. On XLD agar, colonies appearing black due to hydrogen sulfide formation (from the breaking down of sodium thiosulfate in the agar by the bacteria) were agglutinated in:
Polyspecific anti-Salmonella OH test antiserum A-67 and then in A-E poly antisera. Polyspecific anti-Shigella test antiserum I, II, and III, where the polyspecific anti-Shigella I represents Shigella flexneri1-6 group 3, 4 (y), 6, and 7, 8 (x) as well as Shigella sonnei S and sonnei F; polyspecific anti-Shigella II represents Shigella dysenterae type 1 to 10 and III represents Shigella boydii type 1 to 15.
Where there was agglutination in polyspecific antiSalmonella OH antisera, group-specific Salmonella antisera, namely Gr. B, Gr. C, Gr. D, or Gr. E were tested. On positive reactions, the colonies were put in AP120E (Bio-Merieux, Lille, France) for biochemical identification.
The same procedure was followed with the colonies that agglutinated in the polyspecific Shigella antisera. All antisera used in this study were purchased from the SIFIN Institute for immunopreperations and Nutrient Media GmbH (Berlin, Germany).
Gram-negative organisms. On Mackonkey agar, any lactose-negative colonies, that is, those that appeared colorless were picked and subjected to the oxidase test. This test was done for colonies that appeared not to be typical Pseudomonas subspecies, which are shiny, rough, and have a fruity smell. Any oxidase-positive colonies were further identified using AP120NE (Bio-Merieux). The oxidasenegative colonies were tested with Salmonella OH polyvalent and Shigella polyspecific antisera and any that agglutinated were subjected to group-specific Salmonella antisera, namely Gr. B, Gr. C, Gr. D, and Gr. E. On positive reactions, the colonies were put in AP120E for biochemical identification. The same procedure was followed with the colonies that agglutinated in the polyspecific Shigella antisera.
Yersinia. On Yersinia YCN agar, small deep-red colonies were looked for and agglutinated in the following Yersinia-specific antisera; Y enterocolitica 03, 05, 08, 09, and 027. Any strain that agglutinated was further biochemically identified using AP120E.
Antimicrobial Sensitivity Testing
One to five colonies from a purity plate were picked with a standard wire loop, emulsified in 5.0 mL of sterile saline in a test tube. The turbidity of the saline was adjusted to match Mac Farland 0.5 (Biomerieux). A sterile cotton swab was dipped in the colony saline suspension, excess saline was squeezed out by pressing against the tube, and the swab was gently applied on to the surface of Mueller-Hinton-2 agar. Six antibiotic impregnated discs were gently placed on the agar surface followed by incubation of the plates at 37 C for 18 to 24 hours. The inhibition zone diameters were measured using calipers and interpreted according to the National Committee for Clinical Laboratory standards guidelines (2003), 7 now the National Committee for Laboratory Standards Institute. The results were interpreted as Sensitive, Intermediate, or Resistant.
HIV Testing
All the blood samples had HIV enzyme-linked immunosorbent assay (ELISA) done according to the manufacturer's instructions using 2 kits in parallel, Murex from Murex Biotech (United Kingdom), and Vironostika Uniform II from Biomeriux BV (Netherlands). The positive samples of children below 18 months of age had real-time RNA polymerase chain reaction (PCR) done on the serum. The RNA PCR was done using COBAS TAQMAN from Roche (Switzerland).
Study Design and Statistical Analysis
The study was a cross-sectional study. 8 The data were entered in a computer by SSPS version 10.0 and analyzed by SPSS version 10.0 and EPI-INFO version 6.0 statistical packages. Odds ratios (ORs) were used to determine associations among the cases (the HIV-infected children) and the controls (the HIV-negative children), and P values obtained by the chi-square and Fisher exact tests were used to determine significance.
Results
Prevalence of HIV Infection in Children With Acute Diarrhea
The overall prevalence of HIV in the study patients was 24.7% (47/190); 36.8% (35/95) of the severely malnourished children were HIV positive. However, 12.6% (12/95) of well-nourished children with acute diarrhea were HIV positive. This difference was statistically significant, OR ¼ 0.248 (95% CI 0.119-0.517) and P value <.001.
Enteric Bacterial Pathogens in Children With Acute Diarrhea by HIV Status
The prevalence of enteric bacterial pathogens in HIV-infected children was 19% (9/47) and that in the HIV-negative children was 27% (38/143), but this difference was not statistically significant, OR ¼ 0.64 (95% CI 0.20-1.97), P value .396.
The bacterial pathogens identified in the HIVinfected and HIV-negative children with acute diarrhea were as in Table 1 . The table shows that the rates of isolation of the various pathogens were different and ETEC as well as EIEC were isolated only in the HIV-negative children. However, these differences were not statistically significant (P value .222).
The serotypes in the HIV-infected children were EPEC O26, O55, O142; EHEC O157:H7, O111:H8; Salmonella typhimurium and Shdysenteriae type 1.
However, the serotypes in the HIV-negative children were EPEC O26, O44, O55, O91, O118, O119, O125, O127, O142 and O164; ETEC O25, O78, O114, O127 and O128; EIEC O165; S typhimurium and Salmonella enteritidis; Sh dysenteriae type1, Sh flexneri, Sh boydii and Sh sonnei.
There was no Y enterocolitica, Pseudomonas aeruginosa, Aeromonas hydrophilla, and Plesiomonas shigelloides isolated from any of the children, whether HIV-infected or HIV-negative.
There was no statistical difference between the prevalence of enteric bacterial pathogens isolated in the severely malnourished children (23.2% [22/95] ) and that in the well-nourished children (26.3% [25/ 95]), OR ¼ 0.88 (95% CI 0.44-1.75), P value .695. There was also no difference in the pattern of bacteria isolated from the 2 groups of children.
Antimicrobial Sensitivity of the Bacterial Isolates
Most of the bacterial pathogens isolated were sensitive to nalidixic acid, gentamicin, ciprofloxacin, and ceftriaxone. There were high rates of resistance to amoxycillin, chloramphenicol, cotrimoxazole, and amoxycillin/clavulanic acid. However, the sensitivity to amoxycillin/clavulanic acid was better than that to amoxycillin alone. This is shown in Table 2 .
Discussion
In this study, children with acute diarrhea had a very high prevalence of HIV infection (24.7%, 47/190) compared with the national prevalence of 0.7%. 9 It Abbreviations: CI, confidence interval; EHEC, enterohemorrhagic Escherichia coli; EIEC, enteroinvasive E coli; EPEC, enteropathogenic E coli; ETEC, enterotoxigenic E coli; OR, odds ratio; spp, subspecies.
should be noted that the national figure included all children below 15 years of age. It is also higher than the national adult HIV prevalence rate of 6.4%. 9 We noted too that severely malnourished children were more likely to test HIV positive than the wellnourished children, 36.8% and 12.6% respectively, and this difference was statistically significant (P value <.001). This HIV rate in the severely malnourished children is similar to the 40% and 44% previously found in the same hospital (Mulago Hospital). 10, 11 This study shows that bacterial pathogens are a significant cause of acute diarrhea in the HIVinfected and the HIV-negative children (19% [9/47] and 27% [38/143], respectively). The rates of isolation are similar to those found in a similar study in the region. 12 However, the rates of isolation are lower than the >50% found in other studies of acute diarrhea, [13] [14] [15] probably because Campylobacter was not looked for in this study. In these studies, Campylobacter accounted for 5% to 24% of the isolated pathogens. In addition, a study carried out in Bangladesh 15 had a wider range of diagnostic techniques including DNA hybridization.
Furthermore, antibiotic use before presentation to hospital in this study was the case in over 75% of the children, which was very high. These antibiotics may have interfered with the growth of the pathogens on the culture media whether or not they were efficacious.
These rates of isolation in this study show that most cases of acute diarrhea in HIV-infected and HIV-negative children are due to causes other than bacterial pathogens. A previous study conducted in the same hospital on the etiology of acute diarrhea in children whose HIV status was not determined showed Rota virus to be the major pathogen. 16 Rota virus has also been shown to be the major pathogen in acute diarrhea in other parts of the world. 1, 17, 18 There was no significant difference in the rates of isolation and the pattern of enteric bacterial pathogens isolated from the HIV-infected children when compared with the HIV-negative children, with acute diarrhea. This is different from what has been observed for protozoa infections in persistent diarrhea, where being HIV positive was a risk factor for infection by Enterocytozoon bienusi and Cryptosporidium parvum.
19 It is also not in line with the observation that bacterial infections are more common in HIV-positive individuals.
2 However, we were not able to achieve exact matching by age and sex for the HIV-positive cases and their HIV-negative controls.
The finding that there was no difference between the prevalence and pattern of enteric bacterial pathogens in the severely malnourished and well-nourished children implies that the nutritional status of the children did not affect the rates and pattern of isolation of enteric bacterial pathogens from the HIV-infected children and their HIV-negative controls.
The antimicrobial sensitivity pattern of the bacterial pathogens revealed high rates of resistance to cotrimoxazole, a drug recommended in many countries as the first-line drug for treatment of acute diarrhea where antibiotics are required. This drug is also widely used for prophylaxis of infections in HIV-infected children. The HIV-infected children in this study were newly diagnosed and were not yet on cotrimoxazole prophylaxis. This study and another study in the region 20 show that enteric bacterial infections are unlikely to be among the (17) 3 ( diseases against which cotrimoxazole protects HIVinfected children. Most of the bacterial pathogens, however, were sensitive to nalidixic acid, ciprofloxacin, gentamicin, and ceftriaxone. However, the number of bacterial isolates tested was small, which calls for a bigger study.
The immunological stage of the HIV-infected children, by CD4 measurements, was not determined in this study. We were therefore not able to see whether the immunological stage of the children has an effect on the pattern of enteric bacterial pathogens isolated from HIV-infected children with acute diarrhea, which is an area for further study.
Conclusion
Bacterial pathogens are a significant cause of acute diarrhea in children regardless of their HIV serostatus, with E coli species as the major pathogens, although most causes of acute diarrhea are due to other causes other than bacteria.
In HIV-infected children and HIV-negative children, cotrimoxazole may not be useful in the management of acute diarrhea where antibiotics are indicated.
